Objective: To evaluate the influence of changes in the atmospheric state on the incidence of preterm delivery (PTD) and preterm premature rupture of membrane (PPROM).
Introduction
People can be divided into two main groups with respect to their reactions to short-term weather variations. A healthy person is usually considered as 'weather resistant' and has a variety of mechanisms that protect him from environmental harm. On the other hand, approximately one-third of the population is the 'weather-sensitive' people. The latter are mostly women (50 to 80%), having an increase in the incidence of emotional conflicts, various health disorders and even chronic diseases in relation to weather changes. [1] [2] [3] [4] [5] Pregnancy constitutes a specific sex-related susceptibility factor because the individual adaptive capability of the expectant mother becomes weaker and accordingly her reactions to atmospheric environmental changes are stronger. [6] [7] [8] [9] Further, pregnancy complications may occur as a result of exacerbations of chronic problems, due to extreme variations of several meteorological parameters or weather perturbations. [8] [9] [10] [11] [12] [13] [14] [15] [16] Recently, Yackerson et al. 16 found that an ensemble of meteorological variables affects the frequency of placental abruption and preeclampsia. Specifically, higher rates were documented during the spring and autumn seasons. Accordingly, the authors suggested that obstetricians working in semi-arid areas should be aware of the influence of unstable weather conditions on the incidence of placental abruption and preeclampsia, especially, in these seasons.
The objective of the present study was to detect the possible correlation between some variations in the atmospheric state, typical for the regions close to big deserts, and the incidence of preterm delivery (PTD; delivery before 37 weeks of gestation) and preterm premature rupture of membrane (PPROM; occurring before 37 weeks gestation).
Methods
A retrospective cohort study was performed investigating the distribution of PTD and PPROM, and their possible correlation with several meteorological factors. Deliveries occurred during the year 1999.
Being close to the huge deserts of the Sahara and Saudi Arabia, the Negev, which is the southern part of Israel, is a semi-arid area. Its weather conditions are strongly dependent on the dominant direction of air streams: western winds blown from surrounding deserts and are accompanied by sharp variations in meteorological state and transportation of large desert air volumes. 16 The Soroka University Medical Center is the sole hospital in the Negev, serving the entire obstetrical population of about 540 000 inhabitants, having two different ethnic groups: Jewish and Bedouin women. Whereas the Jewish population represents any western society, the Bedouins have their roots as nomadic tribes in the desert. Today, half of the Bedouin population of the Negev lives in semi-sedentary settlements and the other half lives in several small towns. National health services in Israel provide comprehensive perinatal care for all women. Data were routinely collected by the attending obstetrician and completed at the time of patient discharge. Specialized medical secretaries examine the data before entering it into the database. Coding was performed after assessing both prenatal care and hospital records. These procedures ensured that the data were correct and complete.
Preterm delivery was defined as a birth prior to 37 completed weeks of gestation and PPROM was defined as a spontaneous rupture of the membranes before contraction begins and prior to 37 weeks of gestation. The incidences of PTD and PPROM were labeled as N PTD and N PPROM .
The current daily atmospheric conditions are described by wind speed and direction, maximum (T m ) and minimum (T min ) temperature and humidity (RH m , RH min ) and overall daily differences of T: DT ¼ T m ÀT min and of RH:
The meteorological equipment contains a CR10 datalogger (Campbell Scientific, Logan, Utah, USA) N-instrumentation arrangement and sensors for parameter measurements. Data are sampled with an interval of 1 min.
Statistical analysis was performed with the SPSS software package (SPSS, Chicago, IL, USA). Multivariate analysis, time series approach and Poisson regression were used. The number of all daily pregnancy pathologies N PTD and N PPROM served as the dependent variables, and meteorological factors were the independent variables. For all variables, respective temporal distributions were studied. P<0.05 was considered statistically significant.
Results
Daily averages of main meteorological variables and their standard deviations are presented in Table 1 . The monthly average T m varied from 18 to 36 1C; the hottest months were July and August with average T m B34 and 36 1C. Desert heat wave was registered on 35 days in the course of 8 months. An unusual duration was recorded in May (6 days), November (5 days) and in 6 and 3 days of September-October. Strong winds (WW), generally blown from the West and characterized by a speed of more than 5 m s À1 , were observed on 166 days (Table 1) .
Obstetric data include total number of births and the incidences of PTD and PPROM. Table 2 presents monthly values of the total numbers of births (N T ), absolute numbers of PTD and PPROM (N PTD , N PPROM ), as well as their relative percentages (%). From 11 979 births registered during 1999, 992 (8.3%) were preterm and 862 (7.2%) were complicated with PPROM. The incidence of PPROM was higher in July and November (Figure 1 ). Figure 2 shows the monthly variation in the occurrence of PTD, with a peak during June. PPROM was found to be sensitive to overall daily differences of temperature and humidity, as well as to strong winds, whereas PTD was influenced mostly by maximal temperature and humidity.
The daily average number of N PTD moderately oscillates around its annual average value ( ± 10%) with slightly expressed maxima in June. Variations in daily average N PPROM have a very clear division: in January-June it was less than its yearly average, while Abbreviations: PPROM, preterm premature rupture of membrane; PTD, preterm delivery. for the correlation between meteorological parameters and PTD as well as PPROM is presented in Table 5 .
Discussion
A living system has a unique ability to continually exchange its matter and energy with the environment. Biological effects may occur as responses to any violation in the external orderliness: either in psychological pressure, or the fields of synoptic/ atmospheric parameters. The weather in Negev is extremely variable, as it depends strongly on air streams; specific winds are accompanied by sharp changes in air-suspended particulate concentration and sometimes the alterations in temperature and humidity reach more than 20 1C and 80%, respectively, during a few hours. Undoubtedly, then, mental and physical health have an important role in the ability of a person to withstand environmental 'attacks.' Nevertheless, pregnancy constitutes a special susceptibility factor. Various pathologies provoking labor disorders are related to the endocrine system. Under stressful situations, significant metabolic changes are extremely common, 17 giving rise to multiform alterations in the activity of different hormones, which are sensitive to the environmental perturbations. It is clear that serotonin has a role in pain mechanisms, and specifically serotonin hyper production is accompanied by tension headache and migraine pain. 18 An association exists between maternal stress and PTD. 19, 20 Moreover, corticotropin-releasing hormone has been proposed as the placental clock and patients with elevated corticotropinreleasing hormone concentrations (that may results from any stress including environmental) delivered preterm. 20 Although the influence of temperature and humidity on birth complications is expected, [21] [22] [23] this effect becomes smoother with improved housing conditions and indoor occupation. Generally, although cooling and heating apparatus reduce the impact of external weather conditions, a significant increase in health disorders for heat waves or extremely cold days was documented. [21] [22] [23] Strong or specific winds are reputed to be important pathogenic factors. It was previously suggested that 'Wind in the body resembles wind in the nature; wind affects the body just as it moves branches and leaves of a tree'; 12 and that '100 diseases develop from wind'; 'ydepressing effects, groundless despondency of some winds. ' 24 Also, Hippocrates said that 'In towns frequently exposed to winds ythe women are sickly and voluntarily barren.' 8 Atmospheric instability can excite tremors, sudden unconsciousness, convulsion, rheumatic pain, paralysis, asthma attack and many other effects. 4, 25, 26 Each one of these disorders can stimulate the beginning of premature births.
The present study shows that in a semi-arid area, the rates of PTD and PPROM were significantly affected by ensembles of meteorological variables, specific for each disorder. The incidence of both conditions was increased during periods with unstable weather. PPROM was found to be influenced by temperature and humidity differences, desert heat wave and a western wind. PTD was found to precede maximum temperature and humidity by 3 days. Western wind had an indirect effect on PTD.
Our study has several limitations. First, we have gathered data from a single year. However, the rates of the main outcome variables, that is, PTD and PPROM, did not differ from the background rate of these parameters in other years. 27 ,28 Also, we did not distinguish between spontaneous and induced PTD. It is noteworthy that other parameters beside the meteorological factors may affect the rate of PTD and PPROM. However, in this article we have dealt only with the meteorological parameters that can cause these effects by influencing many other variables such as preeclampsia, abruption, etc. 16 In conclusion, the results of the study support the existence of a correlation between the meteorological environment and the frequency of several birth complications. The study emphasizes that the association between 'man and his environment' exists even in the current era. Obstetricians working in semi-arid areas should be aware of the influence of unstable weather conditions on the incidence of PTD and PPROM, especially in the spring and autumn seasons. 
